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The abandonment of silvicultural activities can lead to changes in species rich-
ness  and  composition  of  biological  communities,  when  compared  to  those
found in managed forests. The aim of this study was to compare the multi-tax-
onomical diversity of two mature silver fir-beech-spruce forests in the south-
ern Dolomites (Italy), corresponding to the European Union habitat type 9130.
The two sites share similar ecological and structural characteristics, but differ
in their recent management histories. In the last 50 years, one site underwent
non-intensive  management,  while  the  other  was  left  unmanaged  and  was
included in a forest reserve. The species richness and composition of eight
taxa were surveyed in the two sites between 2009 and 2011. The difference
in  mean  species  richness  between  the  two  forest  management  types  was
tested through permutation tests,  while  differences  in species composition
were tested by principal coordinates analysis and the permutational multivari-
ate analysis of variance. Mean species richness of soil macrofungi, deadwood
lichens, bark beetles, and longhorn beetles were significantly higher in the
abandoned than in the non-intensively managed forests. Deadwood fungi and
epiphytic lichens did  not differ in mean species richness between the two
study sites,  while mean species richness of ground beetles and birds were
higher in the non-intensively managed than in the abandoned forest. Signifi-
cant differences in species composition between the two sites were found for
all the taxa, except for longhorn beetles. These results indicate that improving
forest landscape heterogeneity through the creation of a mosaic of abandoned
and extensively managed forests should better fulfill the requirements of eco-
logically different taxa.
Keywords:  Asperulo-Fagetum, Forestry Abandonment, Biodiversity Conserva-
tion, Selection Cutting, Natura 2000, Silver Fir
Introduction
Intensive  forest  management  practices
are frequently  a  major  driver  of  biodiver-
sity loss worldwide. In Europe, a large body
of research has been conducted to evalu-
ate the impact of forestry on biodiversity in
European  forests,  and  provide  science-
based guidelines for conservation. Many of
these studies are related to boreal forests
(Paillet et al. 2010a), and are based on com-
parisons between intensively managed for-
ests (e.g., those subjected to clearcutting)
and  forests  managed  for  conservation
(e.g., old-growth forests, minimal interven-
tion forests, or stands where forestry prac-
tices have ceased in the last decades – Göt-
mark  2013).  From  these  studies,  there  is
general  agreement  regarding  the  benefi-
cial effects of forest abandonment on bio-
diversity  (Paillet  et  al.  2010a),  due to  the
development  of  habitat  attributes  which
are  more  similar  to  those  of  old-growth
forests (Vandekerkhove et al. 2009).
However,  the  positive  effects  of  forest
abandonment  may  not  be  consistent
across taxa, especially when the transitions
of  non-intensively  managed  forests  are
considered. According to the intermediate
disturbance  hypothesis  (Grime  1973,  Con-
nell 1978), higher species diversity may be
expected under non-intensive forest man-
agement  systems where  disturbances  oc-
cur at intermediate frequencies (e.g., selec-
tion systems), than would be expected in
an  entirely  unmanaged  forest  (Torras  &
Saura 2008).
This  framework  could  apply  to  several
forests  in  the European Alps,  which have
been  non-intensively  managed  for  both
timber production and multiple ecosystem
services since the second half  of  the 20th
century (Piussi  & Farrell  2000).  For exam-
ple,  in  Alpine  larch  (Larix  decidua  Mill.)
woodlands, forest abandonment could be
detrimental for species which benefit from
intermediate disturbance regimes (Nascim-
bene et al. 2014). However, despite the fact
that alpine forests are important conserva-
tion habitats in Europe, with many included
in the Natura 2000 network, multiple taxa
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biodiversity effects of forest abandonment
as compared to non-intensive forest man-
agement are not well understood.
Assessing the response of  multiple  taxa
to forest management could provide more
robust  information  on  forest  biodiversity
patterns and drivers compared to focusing
only on a single taxon (Lawton et al. 1998,
Vessby et al. 2002, Fattorini et al. 2011). For
example,  the  use  of  a  multi-taxon  ap-
proach is the basis for elucidating the po-
tential  co-variation  among  organisms  ex-
ploiting  different  substrates  (e.g.,  soil,
dead wood, tree bark) and occupying dif-
ferent trophic levels (Blasi et al. 2010). In-
formation on species diversity patterns for
multiple taxa is therefore crucial for the as-
sessment of conservation priorities (Paillet
et al. 2010b) and of surrogate taxa for the
representation of biodiversity (Lewandoski
et  al.  2010,  Santi  et  al.  2010,  Gioria  et  al.
2011). The need for these data is currently
one of  the  key  challenges  in  forestry  re-
search (Blasi et al. 2010, Gao et al. 2015).
Currently,  the knowledge gap regarding
the effects of forest management on multi-
ple taxa is related to two main issues: (a)
the complexity in controlling potential con-
founding factors,  such  as  site  conditions,
landscape context,  past management his-
tory (Sitzia et al. 2012), that hinders the de-
velopment of studies with adequate repli-
cation for general statistical inference (Pail-
let et al.  2010b);  and (b) the cost of  per-
forming multi-taxon studies that simultane-
ously  evaluate  the  response  of  different
taxa which have a range of ecological re-
quirements (Paillet et al. 2010a).
In  this  study,  we  tested  the  hypothesis
that the effects of forest abandonment on
biodiversity  are  consistent  and  positive
across  taxa  in  non-intensively  managed
forests.  We surveyed eight taxa in moun-
tain forests dominated by silver fir (Abies
alba Mill.),  beech (Fagus sylvatica L.),  and
Norway spruce (Picea abies [L.] H. Karst.).
We  compared  the  diversity  patterns  be-
tween two neighboring watersheds in the
Italian  Alps,  one  of  which  has  been  sub-
jected to forest abandonment for 50 years,
and the second which has been non-inten-
sively managed by selective logging. To mi-
tigate the impact of  pseudo-replication in
our experimental design, the forests of the
two  watersheds  were  characterized  by
matched  phytosociological,  past  manage-
ment  history,  climatic,  and  topographic
conditions  (Sitzia  et  al.  2012).  The  eight
taxa were selected to cover a wide range
of resource uses and substrates, in terms
of  soils,  deadwood  and  epiphytic  organ-
isms,  photosynthetic  organisms,  decom-
posers, and predators.
Methods
Study areas
The study was conducted in a mountain
forest district of the southern Dolomites, in
the eastern Italian Alps. The mean annual
temperature is 7.2 °C, and the mean annual
precipitation  ranges  from  1300  to  1500
mm, mainly concentrated in May-June and
October-November.  The  most  common
forest  soils  are  cambisols  (ARPAV  2005),
and the bedrock consists of calcareous and
dolomitic materials (Regione Veneto 2010).
The focus of this research was in the adja-
cent watersheds of Tovanella (46° 18′ N, 12°
18′ E) and Cajada (46° 14′ N, 12° 14′ E). Both
watersheds  are approximately  1040 ha in
size,  with  elevations  ranging from 550 to
2500 m a.s.l., and have a similar history of
forest management, but are currently sub-
jected  to  contrasting  forest  management
regimes  (Sitzia  et  al.  2012).  Both  forests
have been heavily  logged in the last  cen-
tury. From 1943 to 1953, the ratio of yield
to increment was up to 150%. This resulted
in  a  very  low  growing stock of  less  than
200  m3 ha-1,  with  a  low  density  of  large
trees (Susmel 1958, Lazzarini 1999).
In the Tovanella watershed, both forestry
and grazing ceased in 1957 (Susmel 1958),
and the site has been part of a nature re-
serve since 1971. In Cajada watershed, non-
intensive logging is conducted by group-se-
lection,  with  coupe  sizes  not  larger  than
1000 m2, and grazing is not admitted inside
forests. Based on the data available for a
forest  compartment  adjacent  to  the  sur-
veyed  plots,  the  mean  annual  harvest  in
the  Cajada  watershed in  the  period 1991-
2003 (prior to the survey time) has been 1.7
m3  ha-1,  which corresponds to 0.6% of  the
growing stock and 33% of the annual incre-
ment (Andrich 2004). Due to these differ-
ent  management  regimes,  the  forests  of
the two watersheds  differ  in  some struc-
tural parameters, which are summarized in
Tab.  1.  Both  watersheds  are  currently  in-
cluded in Natura 2000 sites (Tovanella: site
IT3230031, 8845 ha, and IT3230089, 70,397
ha; Cajada: site IT3230083, 31,383 ha), and
are therefore aimed at biodiversity conser-
vation according to the Habitats Directive
(92/43/EEC).
Sampling design and species data 
collection
In  each  watershed,  ten  sampling  units
(Fig. 1) were randomly selected and perma-
nently  marked  in  the  field.  Each  sample
was located within  a mature mixed silver
fir-beech-Norway spruce forest (EU habitat
type  9130)  with  a  slope  of  less  than  26°
(Lasen  et  al.  2008,  Ente  Parco  Nazionale
delle  Dolomiti  Bellunesi  2009).  At  each
sample  location,  a  12.5  m  radius  circular
plot (491 m2) was established, with a mini-
mum distance of 200 m between each plot.
The average altitude of the plots in Cajada
was 1221 ± 103 m a.s.l., with aspects ranging
from  NNE  to  S.  The  average  altitude  of
plots in Tovanella was 1228 ± 43 m a.s.l, all
with  N  aspect.  Previous  analyses  of  the
vegetation  units  based  on  regional  phy-
tosociological classification confirmed that
the  forest  stands  of  the two watersheds
represent the same forest type (Sitzia et al.
2012).  This  equivalence  is  fundamental,
given that different forest types may host
different  communities  with  different
species richness and composition.
Between 2009 and 2011, we surveyed the
occurrence  of  species  belonging  to  eight
taxa at the center of the 12.5 m radius cir-
cular plots. The eight taxa surveyed were:
(a) deadwood macrofungi; (b) soil  macro-
fungi;  (c) epiphytic lichens; (d) deadwood
lichens;  (e)  bark  beetles  (Scolytinae);  (f)
longhorn  beetles  (Cerambycidae);  (g)
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Fig.  1 -  Schematic  diagram of the sam-
pling plots, where the silhouettes of ani-
mals  represent  the  eight  taxonomic
groups surveyed.  Beetles  were survey-
ed  with  two  pitfall  and  one  window
trap, while the other taxa were survey-
ed  by  counting  the  species  occurring
inside the sampling plot, on the ground,
living trees, deadwood, or acoustic de-
tection (images with different scales).
Tab. 1 - Mean (± standard deviation) structural parameters showing significant differ -
ences (P < 0.01) between sample sites at the non-intensively managed and the aban -
doned forests. P-values were obtained using a linear mixed model (forest manage-
ment as a fixed factor, plot as a random factor) with a restricted maximum likelihood
(REML) approach.
Variable Type Non-intensivelymanaged Abandoned
Beech crown cover (%) - 28.6 ± 19.7 55.6 ± 13.8
Coarse woody debris
(m3 ha-1 ) 
Stumps 23.0 ± 9.9 6.0 ± 3.5
Snags 1.7 ± 3.4 14.1 ± 8.5
Logs 0.2 ± 0.2 18.5 ± 10.2
iF
or
es
t 
– 
B
io
ge
os
ci
en
ce
s 
an
d 
Fo
re
st
ry
Diversity patterns in no- and low-intensity managed forests
ground  beetles  (Carabidae);  and  (h)  bird
species.  Further  details  on  the  sampling
units  and  recording  methods  used  for
stand structure are available in Sitzia et al.
(2012).
In 2009 and 2010, the occurrence of fruit-
ing  bodies  of  deadwood  and  soil  macro-
fungi in each plot were recorded in August,
September, and October. Each survey was
carried out during a similar time-span to im-
prove  data  comparability  between  plots.
Species that were not directly identified in
the field were collected for later identifica-
tion in the laboratory, and specimens were
stored in permanent collections.
The  occurrence  of  all  epiphytic  lichens
present  from  the  tree-base  up  to  2  m
height were assessed in 2009 for all individ-
ual  silver  fir,  Norway  spruce,  and  beech
trees. Deadwood lichens were surveyed on
all  stumps,  snags,  and  logs  occurring  in
each plot (see  Nascimbene et al.  2013 for
further details).
Two different traps were used to assess
the  abundance  of  beetle  species  in  the
plot:  two pitfall  traps  for  ground beetles
and  one  window  trap  for  longhorn  and
bark beetles. Traps were inspected every 15
days between May and mid-October 2009
(see Sitzia et al. 2015 for further details).
Birds were surveyed twice per year dur-
ing the reproductive season (end-May and
June)  between  sunrise  and  11  a.m.  Each
survey  consisted  of  a  10-minute  point
count, preceded by 2 minutes of silence to
offset the disturbance effect due to the ar-
rival of the surveyor. All bird species which
were visually or acoustically detected were
noted during the point count.
Species nomenclature followed  Padovan
(2008),  Nimis & Martellos (2003),  Sitzia et
al.  (2015),  and  Fracasso  et  al.  (2009) for
macrofungi, lichens, beetles, and birds, re-
spectively.
Statistical analysis
Analysis to test the effect of forest man-
agement  on species  diversity  was  carried
out at the plot-level for (a)  mean species
richness and (b) species composition (pres-
ence-absence data) for each taxon. Differ-
ences in mean species richness were tested
using  a  Fisher-Pitman  permutation  test
(Berry & Mielke 2002), and significant find-
ings  were  further  tested  using  a  Monte
Carlo randomization test on means, based
on  9999  combinations  (Neuhäuser  &
Manly 2004,  Torsten et al.  2016). Principal
coordinates analysis based on a Sørensen’s
dissimilarity  matrix  and  a  permutational
multivariate  analysis  of  variance  (PER-
MANOVA  based  on  9999  permutations  –
Anderson 2001) were used to test for dif-
ferences  in  species  composition  between
the  two  forest  management  types.  All
analyses were performed using the R sta-
tistical software version 3.0.2 (R Develop-
ment Core Team 2015), with the Fisher-Pit-
man permutation test performed using the
“oneway_test”  function  in  the  “coin”
package (Torsten et al. 2008); and the PER-
MANOVA  analysis  conducted  using  the
“adonis” function in the “vegan” package
(Oksanen et al. 2015).
Results
A total of 34 species of deadwood macro-
fungi,  78  soil  macrofungi,  56  epiphytic  li-
chens,  22 deadwood lichens,  17  bark bee-
tles,  15  longhorn  beetles,  19  ground  bee-
tles,  and 20 birds  were found in  the two
test watersheds (see Tab. S1 in Supplemen-
tary material for the original data used to
perform  the  analyses).  The  total  species
richness of the 10 sampling plots for each
forest  watershed  (γ-diversity)  is  reported
in Tab. 2.
The mean species richness for four taxa
(soil  macrofungi,  deadwood  lichens,  bark
beetles, and longhorn beetles) were signifi-
cantly higher in the abandoned than in the
non-intensively  managed  forests  (Fig.  2).
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Tab. 2 - Total number of species in the 10
sampling plots from each forest water-
shed.
Taxon
Non-
intensively
managed
Abandoned
Deadwood 
macrofungi
38 62
Soil macrofungi 25 15
Epiphytic 
lichens
44 39
Deadwood 
lichens
16 22
Bark beetles 12 17
Longhorn 
beetles
6 13
Ground beetles 16 14
Birds 16 16
iF
or
es
t 
– 
B
io
ge
os
ci
en
ce
s 
an
d 
Fo
re
st
ry
Fig. 2 - Mean number of (a) deadwood
macrofungi, (b) soil macrofungi, (c) epi-
phytic lichens, (d) deadwood lichens, (e)
bark beetles, (f) longhorn beetles, (g)
ground beetles, and (h) bird species in
relation to forest management (A: aban-
doned; M: non-intensively managed).
Error bars represent the standard error.
The plots report the P-values of permuta-
tion based statistical test used to test dif-
ferences on mean species richness
between the two forest management
types.
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No significant  difference in  mean species
richness was found between the two man-
agement  regimes  for  deadwood  fungi  or
epiphytic lichens, while mean species rich-
ness  for  ground  beetles  and  birds  was
higher in the non-intensively managed than
in the abandoned forest. These findings in-
dicate that  differences  in  individual  mean
species richness do not always reflect that
of total species richness (Tab. 2). However,
significant differences in species composi-
tion were found between the abandoned
and non-intensively managed forests for all
taxa, with the exception of longhorn bee-
tles (Fig. 3).
Discussion
The results of this study reveal contrast-
ing  diversity  patterns  between  the  aban-
doned  and  non-intensively  managed  for-
ests for eight different taxa, which encom-
pass  a  wide  range  of  substrates  and  re-
source usage.  These findings support  the
hypothesis that the biodiversity impacts of
conversion from intensive forest manage-
ment to forest abandonment may not be
as  striking  and  consistent  across  taxa  as
the conversion from intensive to non-inten-
sive forestry (Paillet et al. 2010a). This may
be a reflection of the fact that some spe-
cies  are  favored  by  intermediate  distur-
bance regimes (Roberts & Gilliam 1995).
The four taxa whose mean species rich-
ness was found to be higher in abandoned
forests  are  mainly  related  to  deadwood
(i.e.,  lichens, bark and longhorn beetles  –
Nascimbene et al.  2013,  Sitzia et al. 2015).
This substrate type tends to be more abun-
dant and diverse in abandoned forests, as
these  sites  tend  to  accumulate  higher
amounts  of  logs  and  snags  that  improve
the range of micro-habitats for organisms
colonization. By contrast, in managed for-
ests tree stumps are the only type of dead-
wood that is typically available (Nordén et
al. 2004,  Seidling et al. 2014). The amount
and diversity  of  deadwood in abandoned
forests are therefore likely to enhance the
establishment  of  less  common  communi-
ties,  which  are  not  likely  to  be  found  in
forests managed solely for timber produc-
tion (Mason & Zapponi 2015, Sabatini et al.
2016).  A consistent pattern was observed
in this study between lichens and bark bee-
tles,  whereas  longhorn beetles  showed a
different  pattern,  in  which  communities
similar  in  composition  were  progressively
enriched  by  a  species  accumulation  proc-
ess, coupled with the progressive accumu-
lation of different types of deadwood over
the time since abandonment (Sitzia et  al.
2015).
Higher  biodiversity  was  observed  for
both birds and ground beetles in the non-
intensively  managed forests compared to
the abandoned forests. For birds, this may
reflect  a  negative  effect  on  biodiversity
due to canopy closure (Gil-Tena et al. 2007)
associated  with  forestry  abandonment.
Moreover,  forestry  abandonment  pro-
motes  the  spontaneous  reforestation  of
adjacent open lands and the development
of forest gaps, which provide fundamental
food and nesting resources for many bird
species (Sitzia et al.  2014,  Campagnaro et
al. 2017). For ground beetles communities,
our results agree with previous studies re-
porting that non-intensive forestry is com-
patible with high beetle biodiversity (Toigo
et al. 2013), which may be due to the lower
soil  moisture  levels  than  in  abandoned
forests (Sitzia et al. 2015). As it was found
for  other  taxa  in  these  study,  the  differ-
ences in mean species richness of  ground
beetles  were  not  associated  with  differ-
ences  in  species  composition,  indicating
that  compositionally  similar  communities
may  evolve  under  different  management
regimes.
Interestingly,  the  mean  species  richness
of  epiphytic  lichens  and  deadwood  fungi
did not significantly differ between non-in-
tensively managed and abandoned forests.
On  the  contrary,  differences  in  species
composition were detected for both taxa.
For lichens, these differences may be due
to gradual canopy closure, which would en-
hance more shade-tolerant  species  (Sitzia
et al. 2012, Nascimbene et al. 2013). Increas-
ing  tree age would  also be  beneficial  for
lichens, due to an increase in substrate sta-
bility  and  availability,  and  changes  in  the
chemical-physical features of the bark (Es-
seen et al. 1996). As with the other dead-
wood related organisms considered in this
study, deadwood fungi showed differences
in  species  composition  that  are  likely  re-
lated to the greater availability of different
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Fig. 3 - Principle coordinates analysis (Søren-
sen's dissimilarity matrix) of (a) deadwood 
macrofungi, (b) soil macrofungi, (c) epi-
phytic lichen, (d) deadwood lichen, (e) bark 
beetle, (f) longhorn beetle, (g) ground bee-
tle, and (h) bird community composition. 
Each point represents the composition of a 
sampling plot (filled dots: abandoned 
forests; open dots: non intensively managed
forests). The plots report the P-values of a 
PERMANOVA used to test differences in 
composition between the two types of for-
est management types. Sites are plotted 
only when at least one species was 
recorded.
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Diversity patterns in no- and low-intensity managed forests
types of dead wood in abandoned forests,
which enhances the establishment of spe-
cies  that  cannot  be  found  on  stumps  in
productively  managed  forests  (Abrego  &
Salcedo 2013, Persiani et al. 2015).
We stress that the differences in diversity
observed in mean species richness did not
always reflect differences of  total  species
richness.  This  suggests  that  further  re-
search and sampling is needed to elucidate
the  variability  of  species  richness  at  the
stand scale, rather than at the plot scale.
Conclusions
The contrasting diversity patterns found
in this study between the eight taxa in the
abandoned  and  non-intensively  managed
forests  suggests  that  management  aban-
donment cannot be generalized as a best
practice  for  biodiversity  conservation  in
mountain forests of the Alps. Rather, these
findings  support  the  hypothesis  that  en-
hancing  forest  landscape  heterogeneity
through the creation of a mosaic of aban-
doned  and  non-intensively  managed  for-
ests could better fulfill the requirements of
ecologically  different  taxa.  Such  an  ap-
proach may enhance biodiversity conserva-
tion  in  forest  landscapes  of  the  Alps,  at
least in terms of species richness and com-
position.
Our  results  are  based  on  a  case  study
alone and do not allow to make a general
inference  on  the  effects  of  a  given man-
agement  regime.  However,  our  findings
can contribute to the formulation of new
research hypotheses  and to provide valu-
able data for meta-analyses, which is an in-
creasingly used tool to explore general pat-
terns  in  ecology  (Davies  &  Gray  2015).
Moreover, the results of this study can as-
sist in the scientific assessment of adverse
effects of forest management (Sitzia et al.
2016), forest ecosystem functions mapping
(Vizzarri et al. 2015), and diagnostic species
selection  (Carranza  et  al.  2012)  in  forest
habitats. To further examine the hypothe-
ses and findings of this study, more multi-
taxon investigations are needed at a vari-
ety of landscapes. Such studies should ad-
dress: (a) a higher replication level, ensur-
ing a more robust evaluation of the effect
of the management regime and the exclu-
sion of  other possible factors not consid-
ered  in  our  study  (e.g.,  historical  species
distribution  and  landscape  legacy);  (b)
sites abandoned for longer than 50 years,
to  allow  for  an  evaluation  of  the  consis-
tency of the effects of abandonment found
in our study across a longer time span; (c)
turnover and nestedness of compositional
heterogeneity (β-diversity);  and (d) an ex-
perimental approach which can better elu-
cidate  the  causal  relationships  between
management,  structural  features,  and
multi-taxon biodiversity.
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